The dynamical characteristics of atmospheric aerosols over the Indo-Gangetic (IG) region are primarily dependent on the geographical settings and meteorological conditions. Detailed analysis of multi satellite data and ground observations have been carried out over three different cities i.e. Kanpur, Greater Noida and Amritsar during 2010-2013. Level-3 Moderate Resolution Imaging Spectroradiometer (MODIS) terra daily global grid product with spatial resolution of 1° × 1° shows the mean AOD at 500 nm wavelength value of 0.73, 0.70 and 0.67 with the standard deviation of 0.43, 0.39 and 0.36 respectively over Amritsar, Greater Noida and Kanpur. Our detailed analysis shows characteristic behavior of aerosols from west to east in the IG region depending upon the proximity of desert regions of Arabia. We have observed large influx of dusts from the Thar desert and Arabia peninsula during pre-monsoon season (April-June), highly affecting Amritsar which is close to the desert region.
INTRODUCTION
The densely populated and heavily aerosols laden Indo-Gangetic plains (IGP) region, is one of the atmospheric polluted with poor air quality regions suffer with dense haze, fog and smog during winter season. Due to population growth, the energy demands, and use of fossil-fuel and bio-fuel have increased that have enhanced greenhouse emissions [1] . Variable sources of aerosols origin, deposition and their transport mechanism play an important role in spatial and temporal inhomogeneities which greatly affect the Earth's radiation budget. Numerous studies have been carried out using multi satellite and ground data to study the variability of aerosol optical depth over different locations in the Indo-Gangetic basin [2] [3] [4] [5] . Kaskaoutis et al. found strong aerosols dynamics due to biomass-burning over Punjab, transported further in the Ganges valley from west to east [6] . Some of the process like gas-to-particle conversion, particle enlargement by maturation; coagulation and extended carrying, contribute a lot to modify the aerosols properties over Indo Gangetic Plain [6] . The aerosols generated through local and regional emission mainly affects the boundary layer while the long range-transport aerosols found just above the boundary layer height (BLH). The changes in boundary layer height over the urban region mainly depend on the local meteorological parameters and on anthropogenic aerosols emissions rate. Distinctive effects on atmosphere like formation of fog, haze and smoke, especially in the lower troposphere are mainly associated with the variety of aerosols. The dynamical characteristics of atmospheric aerosols over the IG region are primarily dependent on the elementary geography in longitudinal direction from west to east as well on variable meteorological conditions of the region [7] . In the western part of IGP region, the Thar Desert and Arabian Sea make their presence whereas the eastern region has closer proximity with the Bay of Bengal. Due to this exclusive topography over IGP region, human and anthropogenic activities show seasonal variability of aerosols [8] [9] [10] . Singh et al. have shown that many factors are responsible for the dynamical properties of atmospheric aerosols over IGP [3] . During 2004-2014 extensive aerosols studies were carried out related to aerosols spatial and temporal variations, aerosol characterization,
sl,azarazil Tau Data SIO. NOAA. U S Navy, NGA, GEBCO Image Landsat and dynamics of aerosols and trace gases over IGP and Himalayan region [2, [11] [12] [13] [14] [15] . Most of the earlier observations over different locations [16] [17] show different types of identification and classification schemes. The seasonal dependency of aerosols show different types of aerosols over IGP and sometime creates a real challenge to discriminate the aerosols due to its modification processes in the atmosphere [8, 18] . Satellite and ground based sun photometers have emerged as an important tool for monitoring atmospheric aerosols and to study the dynamics of aerosols. The aerosols physical and chemical compositions mainly depend on locations and meteorological conditions. Kothai et al. studied the chemical characteristics of particulate matter (PM) aerosols and their related source identification over an urban site of Navi Mumbai, India [19] . In order to recognize the dynamics and variability of atmospheric aerosols over IGP, efficient measurements of aerosols properties are require at different locations. In the present study, we have selected three Indian cities over the IGP (Amritsar, Delhi and Kanpur, (Figure 1) ), diagonally west to east to demonstrate the dynamical characteristics of aerosols.
DATA USED AND METHODOLOGY
The present aim of this paper is to study the dynamical characteristics of atmospheric aerosols over IGP. We have used long term ground based AERONET and MODIS Satellite data. We have considered the Moderate Resolution Imaging Spectroradiometer (MODIS) data onboard the Terra and Aqua satellites. The Terra satellite is launched on 18 Dec, 1999 (10:30 AM equator crossing time, descending) and Aqua satellite was launched on May 04, 2002 (1:30 PM equator crossing time, ascending) for global monitoring of the atmosphere, terrestrial ecosystems, and oceans. The Aqua and Terra satellites offer daily global data of aerosols characteristics at high radiometric sensitivity (12 bit) in 36 spectral bands ranging from visible to thermal infrared (0.41-14.38 μm). Out of 36 spectral bands, 29 spectral bands with 1km, 5 spectral bands with 500m, and 2 spectral bands with 250-m nadir pixel dimensions cover the aerosols characteristics.
RESULTS AND DISCUSSION

Daily Variability of Aerosols
In the present paper, we have now analyzed daily aerosols optical data (AOD 500 ) at 500 nm wavelength from Kanpur AERONET station during the period January 2001 to December 2013 which is shown in Figure The variability of AOD 500 is found to be similar showing strong seasonal variations in aerosol trends [10] . AOD 500 varies in the range 0.07-2.58 (mean value 0.64 and standard deviation 0.31). The analyzed results show the minimum (0.07) AOD 500 during 26 August 2002 whereas 5 June 2010 shows high AOD 500 value 2.58. The long term AOD 500 data shows that 2007 and 2008 are the period with minimum (0.57) and maximum (0.74) AOD 500 values. The results reveal a pronounced daily variability in AOD 500 influenced by local and regional meteorological and atmospheric conditions, i.e. rainfall, air mass trajectories and aerosol emission rates. Anthropogenic emissions and dust transport also contribute a considerable function influencing aerosol loading and properties, especially during the extended dry period, i.e. from October to June over the northern parts of India. In contrast, the IGP experiences an enhanced convective and turbulent boundary layer and witnesses a large influx of westerly wind driven dust-laden air masses during the premonsoon/summer season (April-June) [20] [21] . Recently, five years AOD 550 data were used over IG plain [22] showing higher elevated aerosol loading compared to other cities. During the period During pre-monsoon period AOD 550 is higher over Greater Noida compared to Kanpur due to long range transport of dust. During winter season, some days AOD 550 is higher over Greater Noida and some days higher over Kanpur depending upon the meteorological conditions. Such high and low AOD 550 values vary over Kanpur or Greater Noida depending on meteorological conditions, wind and relative humidity that cause dense haze, fog and smog in the IGP region. The daily movement showing 24 hours progress of trajectory (arrow marks on the trajectories). The back trajectory were computed at 00:00 UTC for three distinct arrival levels, namely 500m, to give reprehensive origins of air masses near the surface, 1000 m for air masses within the boundary layer, and 1500m characterizing the lower troposphere where the pollutants are usually transported [23] . During winter month January, the air mass at the higher altitudes of 1500m seems to originate from Afghanistan, Pakistan and surroundings area and transported long distances, clearly shows its impact over Kanpur (maximum AOD 550 of 1.91) much higher compared to the mean 0.72 during January 2012. In the month of October, the wind over Kanpur is mostly northerly to north-westerly, therefore the lower altitude trajectories at 500m (near the surface) and 1000 m (air masses within the boundary layer) seem to be originated from the north-west due to the local anthropogenic activities i.e. increased fuel usage and large biomass burning. In the month of March westerly wind transport dust from the Thar Desert located in the western part of India and Pakistan (the Great Thar Desert) and the Gulf region in the Middle East. Saharan desert is also act as a source for long-range transport of dust aerosols which is apparent from the back trajectories [24] . The dust coming from western part of India and Pakistan clearly shows their impact over Kanpur with the mean AOD 550 value 0.57.
Seasonal Variation of Aerosols
Detailed back trajectories clearly show that the air mass originates from the arid region of western India (Thar Desert) and Pakistan during pre-monsoon reaches over Kanpur [16, 25] . During the monsoon season, wind is generally southwest and southeast directions. Winds originate from southwest travel through the continental India before reaching IGP where it is strongly mixed with the local anthropogenic emissions. The back trajectories (at 500m, 1000m above ground level) show the dust laden air masses are coming from west and southwest direction i.e., originating from arid and semiarid regions of Rajasthan (Thar Desert), Gujarat whereas the high altitude trajectories i.e. 1500 m show the air mass originate from the Arabia Peninsula.
During post monsoon season, surface (500m) and boundary layer (1000m) trajectories show that the air mass originate from Pakistan region to IGP. The high altitude (1500) trajectory shows its long range transport originated from Afghanistan region. The long range trajectory also carries a dust which further mixed with the biomass burning aerosols from Punjab region to Kanpur. During post monsoon (October-November) biomass burning is a regular practice over Punjab state. Therefore, the effect of mixed aerosol over Kanpur as a result of high mean AOD 550 (0.70) is observed.
Conclusion:
The present study shows variability and dynamics of aerosol over Indo-Gangetic (IG) region during 2010-2013. The aerosol shows month to month and season to season variability over three cities Amritsar, Greater Noida and Kanpur. The aerosol characteristics are dependent on the dust and anthropogenic activities (emissions from coal based power plants, crop residue burning and use of fossil fuels). The aerosol optical depth at three locations clearly show the influence of air mass from source region (Thar desert and Arabia desert region) and its strong mixing with the local anthropogenic emissions. The present results will help in understanding the dynamics of fog, haze and smog especially during winter season and the extent of dust from west to east in the IG region.
